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The reactions between trans-[Os"(tpy)(Cl)2(NCN)] (1) and PPhs and between trans-[Os"(tpy)(Cl)2(NPPh3)]* (2)
and CN~ provide new examples of double derivatization of the nitrido ligand in an Os(VI)-nitrido complex
(Os'=N). The nitrilic N-bound product from the first reaction, trans-[Os"(tpy)(Cl),(NCNPPhs)] (3), is the coordination
isomer of the first iminic N-bound product from the second reaction, trans-[Os"(tpy)(Cl)2(N(CN)(PPhs))] (4). In
CHsCN at 45 °C, 4 undergoes isomerrization to 3 followed by solvolysis and release of (N-cyano)iminophosphorane,
NCNPPh;. These reactions demonstrate new double derivatization reactions of the nitrido ligand in OsV'=N with
its implied synthetic utility.

Introduction There is no literature evidence far-iminic N-bound
iminophosphoranes in which N is datively bonded to the
metal. In contrast, fop-ylidic C-bound phosphorus ylides,
this is the most common coordination mode.

In earlier work, we demonstrated stepwise double addition
to the nitrido ligand bound itrans[Os"' (tpy)(Cl)2(N)]PFs
(trans[Os'=N]") (2,2:6',2"-terpyridine) (egs %3 in
Scheme 1j&©

(2) (a) Falvello, L. R.; Fernandez, S.; Garcia, M. M.; Navarro, R;
Urriolabeitia, E. P.l-cyano)iminophosphorand. Chem. Soc., Dalton

Iminophosphoranes R=NR), which are electronically
related to phosphorus ylides #/£~CR;) and phosphine
oxide (RP=0), have been extensively studied for their
reactivity and for their usefulness as reagents for organic
synthesis. Their coordination chemistry is of interest be-
cause of the varioug! and 52 coordination modes that
they display? In particular, (-cyano)iminophosphor-
ane (PBP=N—C=N)%23 and @-cyano)phosphorus ylide

(PhsP=C(H)—C=N)* have multiple bonding modes in
transition metal complexes (Chart 1). These complexes have
found numerous applications in organic synthesisd as
biological tools?
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Chart 1. Possible Coordination Modes of Iminophosphorane and Phosphorus Ylide

R! C=N R! C=N—M R! C=N—M
RS,/ Ral, Rin,
~P=N 3/P=N ~P=N
R’ M R R? M
n'-Iminic N-bound n'-Nitrilic N-bound n2-Nitrilic-Iminic N-bound
iminophosphorane iminophosphorane iminophosphorane
R} £= R. H g L=N—M
Rl omH Ry’ Rl (SmH
™~ s . s ™~
3
R? M R? C=N—M R
n'-Ylidic C-bound n'-Nitrilic N-bound M°-Ylidic-Nitrilic C-N-bound
phosphorus ylide phosphorus ylide phosphorus ylide
Scheme 1
HPF,
trans-[Os " (tpy)(C1),(N)]* + 3,5-Me,CgH;SH  ——
CH;CN

trans-[0s" (tpy)(C1)y(NS(H)-3,5-Me,CHy)]* )
PPh;,
PhyP=N-S-3,5-Me,C¢H; + H + )
CH;CN
/ trans-[0s"(tpy)(C1),(NCCH;)]

trans-[Os" (tpy)(C1),(NS(H)-3,5-Me,CgH3)]

p-MeOQCH,NH,
p-MeOCH N(H)-N=S(H)-3,5-Me,C¢H;  (3)

+ trans-[Os"(tpy)(CI),(NCCH;)] + H'

The combination of reactions in eq 1 followed by 2 or ~ We recently reported an additional stepwise double ad-
eq 1 followed by 3 demonstrates thaans[Os"'=N]" is dition to the nitrido ligand intrans[Os"'=N]*, as shown in
capable of undergoing successive two-electron, atom andeqs 4 and 3¢
group transfer reaction@® In the examples shown, the
sequential reactions involve formal-Nransfer followed by

CH;CN

rrans-[Osw(tpy}(Cl}2(1\')]+ +CN° ——

. IV_g

formal NS-3,5-GHsMe, group transfer either to PRbr to trans-[(tpy)(C1),0s""=N,CgN,] *)
p—MeOCaH4N!-|2. _This reactivity opens new synthetic routes trans-[(tpy)(C1,08"V=N,CgN,] + PPh, -
to doubly derivatized N compounds. It also demonstrates the CH;CN
transfer of large organic fragments by reactions analogous trans-[(tpy)(C1),0s"=N,CgN,PPh.] &)
to O-atom and N transfers.
(5) (a) Lebel, H.; Paguet, \0. Am. Chem. So€004 126, 320-328. (b) Nitrilic N-bound Iminophosphorane

Bertrand, G.; Cazaux, J. B.; Baceiredo, A.; Guerret, O.; Palacios, F.; . . ) .

Aparicio, D.; De los Santos, J. MC. R. Acad. Sci., Ser. licChim. When the reaction in eq 5 is carried out in the reverse order
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K., Bevan, M. J.; Loukou, C.; Patel, S. D.; RenaudeauSynlett  example of an iminic N-bound iminophosphorano transition
200Q 11, 1565-1568.
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2832-2833. [OsY!(tpy)(Cl)(N)]PFs (trans[Os'=N]PF), trans[OsV (tpy)(Cl),-
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(NCN)] (trans[OsV=NCN]), trans[Os'(tpy)(Cl)o(NCNPPR)] (trans
[Os'=N=C—N=PPhj]), and trans[Os'(tpy)(Cl)(N(PPk)CN)]
(trans[Os' —N(—C=N)(=PPh)]).

Abbreviations and formulas used in the text include the
following: TBAH = BuNPF;, tetrabutylammonium hexafluoro-
phosphate; tpy= 2,2:6',2"-terpyridine; and bpy= 2,2-bipyridine.
The ligands are illustrated below:

O]
N Y N —
(TN s
tpy bpy

Materials. House water was purified with a Barnstead E-Pure

for junction potentials. In all cases, the auxiliary electrode was a
platinum wire. The solution in the working compartment was de-
oxygenated by Blbubbling.

Synthesis and Characterization.The following complexes and
compounds were prepared by literature procedutems[Os”'-
(tpy)(Ca(N)]PFs,22 mer[Os"! (bpy)(Cl)(N)],2 trans[Os" (tpy)-
(C2(NCN)],’¢ merEYN[OSY (bpy)(Cl:(NCN)],’¢ andtrans[OsV-
(tpy)(CDANPPR)IPFs.°

trans-[Os" (tpy)(Cl)2(NCN)]. In a 100 mL round-bottom
flask, trans[Os"'=N]* (200 mg, 0.306 mmol) was stirred in 50
mL of CH,CI, under N atmosphere for 2 min. One equivalent of
NE%CN (47.8 mg) in 5 mL of CHCI, was bubbled with Mfor 2
min and added to the solution afans[Os"'=N]*. The reaction
mixture was stirred continuously undes fbr 30 min. The brown

deionization system. High-purity acetonitrile was used as received Precipitate was filtered, washed thoroughly with fresh,Chi, and

from Aldrich. Osmium tetraoxideX99%) was purchased from the
Pressure Chemical Company. Triphenyl phosphine {PBhd
tetraethylammonium cyanide @RCN) were purchased from

air-dried. Yield: 148 mg (91%). Anal. Calcd for Ogfl;:NsCly:
C, 35.96; H, 2.07; N, 13.11. Found: C, 36.17; H, 2.15; N, 13.32.
UV —visible data (DMF)Amax NM €, M~1 cm™): 867 (3.28 x

Aldrich and used without further purification. Deuterated solvents 10), 744 (7.83x 107), 628 (2.87x 10°), 512 (6.03x 107), 416
were purchased from Cambridge Isotope Laboratories and used ag8-40 x 10%), 318 (3.26x 10f), and 280 (2.95x 10). Cyclic
received. TBAH was recrystallized three times from boiling ethanol Voltammetric data in 0.1 M TBAH/DMF (V vs SSCE)E,/»(Os-

and dried under vacuum at 12@or 2 days. Other chemicals

(VIV)) = +1.72 V, Ey(Os(V/IV)) = +0.90 V, Ey(Os(IV/IIT))

employed in the preparation of compounds were reagent grade and™ —0-40 V, andE;»(Os(lll/ll)) = —1.30 V. Infrared (cm*,

used without further purification.
Instrumentation and Measurement. Electronic absorption

Nujol): »(C=Ng) = 1938 cn1l; v(tpy) 1466 (vs), 1456 (vs), and
1369 (vs).

spectra were acquired by using a Hewlett-Packard model 8453 diode ~ trans-[Os' (tpy)(Cl)2(NCNPPh)]. In a 100 mL Erlenmeyer
array UV-visible spectrophotometer in quartz cuvettes. Spectra flask, trans[OsV=NCN] (300 mg, 0.561 mmol) was stirred in 30
in the near-IR region were recorded on a Perkin-Elmer Lambda ML of CH;CN under N. One equivalent of PRR(147 mg) in 5
19 spectrophotometer by using a matched pair of 10 mm path mL of CH;CN was added, and the reaction mixture was stirred for
length quartz cell. Elemental analyses were performed at Los 1 h. The brown solution was evaporated to 5 mL by rotary
Alamos National Laboratory and by Atlantic Microlabs (Norcross, €vaporation. Upon addition of 150 mL of£x, the brown product
GA). FT-IR spectra were recorded on a Nexus 670 FT-IR was filtered, washed with fresh £, and air-dried. Yield: 0.423
spectrophotometer at 4 cth resolution interfaced with an 9 (95%). Anal. Calcd for OsgHzNsCl.P: C, 51.26; H, 3.29; N,
|BM_Compatib|e PC. IR measurements were made in Nuj0| 8.79. Found: C, 5140, H, 348, N, 8.97. CyC“C voltammetric data
Mulls. 'H NMR spectra were obtained in DMS@-recorded ona i 0.1 M BWNPR/DMF (V vs SSCE): Eyo(Os(IV/II)) = +1.12
JEOL-300 Fourier transform spectrometer. Organic products were V and Ei(Os(lll/l)) = —0.16 V. Infrared (cm*, Nujol) for
analyzed by use of a Hewlett-Packard 5890 series Il gas chromato-OS' —**NCNPPhs: »(*N,=C) = 2235 cnt?; v(tpy) 1467 (vs),
graph with a 12 mx 0.2 mm x 0.33um HP-1 column (cross- 1447 (vs), and 1440 (vsp(*Ns=P) = 1116 cnr'. Infrared for
linked methy! silicone gum) and a Hewlett-Packard 5971A mass OS'—"*NCNPPhs: v(**N,=C) = 2205 cn’; »(tpy) 1465 (vs),
selective detector, both interfaced with an HP Vectra PC computer 1446 (vs), and 1441 (vs)(*“Ns=P) = 1116 cnr’. 'H NMR (9,
system. DMSO-Dg): 11 H for tpy: (2 H, d) 8.32—8.29; (2 H, d) 8.07
Kinetic studies by UV-visible monitoring were conducted ona  8.04, (2 H, d) 7.99~7.96; (2 H, t) 7.37~7.33; (2 H, 1) 7.23~
Hewlett-Packard 8453 diode array spectrophotometer interfaced7-17; (H, t) 6.29— 6.25; 15 H for PPl 7.88— 7.69.3'P NMR
with an IBM-compatible PC. The measurements were made in (0, DMSO-Dy): 26.5 ppm. UV-visible spectra in DMFAmax, NM
standard quartz 1 cm path length cuvettes. All kinetic studies were (€, M™* cm™): 750 (2.58x 10%), 660 (3.47x 10°), 592 (5.64x
performed at 25.0k 0.1 °C with a pseudo-first-order excess of ~10%), 502 (7.03x 10°), 424 (7.95x 10%), 386 (9.56x 10°), and
organic reagents. Kinetic studies wans[OsV-NCN] with PPh 330 (2.14x 107).
and oftrans[OsY —NPPh]* with EtNCN were performed in DMF. trans-[Os' (tpy)(Cl) 2(N(CN)PPhg)]. In a 100 mL Erlenmeyer
The concentrations of the Os(IV) solutions were %.80~4 M for flask, trans[OsV-NPPh]* (400 mg, 0.519 mmol) was stirred in
trans[OSV=NCN] and 8.0x 1074 M for trans[OsV—NPPh]*. 40 mL of CHCN under N. One equivalent of GNCN (81.1 mg)
The concentrations of PRlor Et4tNCN were varied from 8.15 in 5 mL of CH;CN was added, and the reaction mixture was stirred

103Mt0 9.15x 102 M for PPh and from 5.5x 104 M to 5.5
x 1073 M for Et;,NCN. The temperature of solutions during the
kinetic studies was maintained to withih0.1 °C with use of a
RTE-7 Thermo-Neslab circulating water bath.

Cyclic voltammetric experiments were measured with the use

for 30 min. The solvent was removed by rotary evaporation. The
product was filtered, washed withJt, and air-dried. Yield: 0.389
g (94%). Anal. Calcd for Osg&H26NsClLP: C, 51.26; H, 3.29; N,
8.79. Found: C, 51.57; H, 3.38; N, 8.89. Cyclic voltammetric data

of PAR model 263 and 273 potentiostats. Bulk electrolyses were (8) (a) Pipes, D. W.; Bakir, M.; Vitols, S. E.; Hodgson, D. J.; Meyer, T.

performed with a PAR model 173 potentiostat/galvanostat. Cyclic

voltammetry measurements were conducted in a three-compartment

cell with 0.2 M TBAH as the supporting electrolyte and a 1.0 mm
platinum-working electrode for C4&N or DMF. All potentials are

referenced to the saturated sodium chloride calomel electrode
(SSCE, 0.236 V vs NHE) at room temperature and are uncorrected

J.J. Am. Chem. Sod99Q 112 5507-5514. (b) Demadis, K. D.;
El-Samanody, EI.-S.; Meyer, T. J.; White, P.I18org. Chem.1998
37, 838-839. (c) Ware, D. C.; Taube, Hhorg. Chem1991, 30 (24),
4605-4610.

(9) (a) Bakir, M.; White, P. S.; Dovletoglou, A.; Meyer, T.l1dorg. Chem.
1991, 30, 2835-2836. (b) Demadis, K. D.; Bakir, M.; Klesczewski,
B. G.; Williams, D. S.; White, P. S.; Meyer, T. [horg. Chim. Acta
1998 270, 511-526.
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Figure 1. Effect of the order of addition on electronic absorption spectra
for nitrilic N-bound and iminic N-bound Os(ll) complexes

in 0.1 M BWNPR/DMF (V vs SSCE): Ey;»(Os(IV/IIl)) = +1.25

V and Ex(Os(llI/)) —0.07 V. Infrared (cm?, Nujol) for

Os'—%N(CN)PPhg: v(C=N) = 2152 cntl; v(tpy) 1485 (vs), 1468
(vs), and 1453 (vs);»(¥Ng=P) = 1103 cml. Infrared for
Os' —15N(CN)PPhs: »(C=N) = 2152 cnT?; v(tpy) 1483 (vs), 1466
(vs), and 1441 (vsy(**Nyz=P) = 1087 cn1*. 3P NMR (6, DMSO-

De): 16.6 ppm. UV-visible spectra in DMF Anax NM (€, M1

cm™1): 738 (1.71x 10°), 650 (2.58x 1(®), 564 (4.78x 10°), 476

(6.84 x 10°), 416 (7.00x 10°), 372 (8.15x 10°), and 326 (2.81
x 10,

Results

Reaction betweertrans-[OsV (tpy)(Cl) 2(NoCpN,)] (trans-
[0SV —=NuCgN,]) and PPhs. In an earlier report, we de-
scribed an oxo-like reactivity for the Os(I¥tyanoimido
complexesfrans[OsV (tpy)(Cl)(N.CsN,)] and mer[OsV-
(bpy)(Cl)%(NoCsN,)] .7 This analogy extends to the reaction
of the former with PPfito give an Os(ll) nitrilic N-bound
iminophosphorano product (eqgs 4 and’5).

Thetrans[Os'-NCNPPHh] product was isolated in 95%
yield and characterized by elemental analysis, cyclic volta-
mmetry, infrared!H and®P NMR, and U\~ visible spec-
troscopies. As found earlier in reactions with oleflfs,
reaction with PPk occurs at the remote ,Nsite of the
cyanoimido ligand. The site of attack is revealed in thi¢
labeling experimentirans[OsV='N—-C='N] + PPh —
trans[Os' —15N=C—'“N=PPh] by IR measurements. For
the ®N-labeled product, there is a shift of 30 chin
v(N=C) and no shift inv(N=P) consistent with the isotopic
distributiontrans[Os' —N=C—“N=PPh] rather thartrans
[OS'—N=C—1N=PPh].

The kinetics of the reaction in eq 5 were studied by
conventional mixing with U\-visible monitoring and

Huynh et al.

- d[0sV'=N"]
dt N
k [Os'V=N-C=N] [PPhy] = kyps [0s'V=N-C=N] ®)
CH;CN
trans-[(tpy)(C1),0s"-N=C-N=PPh,] ——=
trans-[(tpy)(C1),0s"'-N=CCH;] + N=C-N=PPh; (8)

The organic product was extracted witkhexane and
characterized by GEMS (m/z = 302) and®P NMR (0 =
25.71 ppm). This reaction reinforces the earlier observa-
tion that Os(IV) adducts are capable of undergoing a sec-
ond group transfer reaction to give a doubly derivatized
N-compound. In the transfer in eq 8, the reaction formally
involves transfer of NCRanalogous to oxo transfer. The
subsequent solvolysis and release of tNecyano)imino-
phosphorane product, NCNPPdemonstrate that the reac-
tion has potential synthetic utility.

Reaction betweertrans[Os" (tpy)(Cl) 2(NPPhg)]* (trans-
[OsY—NPPhg]*) and CN~. It was possible to study the same
reaction sequence but in reverse order because of the
availability of trans[OsV (tpy)(Cl)(NPPh)]™ from a pre-
vious study? The reaction betweetrans[OsY—N,PPh]*
and E4tNCN occurs by attack of CNat N, to give the
iminic N-bound iminophosphorano produdtans|[(tpy)-
(C1),08'=N4(CN)PPh] (eq 6).

This product was isolated in 94% yield and characterized
by elemental analysis, cyclic voltammetry, YVisible,
infrared including®>N labeling, andH NMR spectroscopies.

It is a coordination isomer of the product of the reaction in
eq 6 as evidenced b¥N labeling and IR measurements,
the common elemental compositions, the differences irr-UV
visible spectra (Figure 1), arteh;, values for the Os(IV/111)
and Os(llI/Il) couples. Attack at Nwas shown by IR.

The sequential addition reactions demonstrate the use of
a metal center as a template for the synthesis of novel organic
compounds. The overall procedure begins with the synthesis
of Os"'=N, followed by sequential addition of the nucleo-
philes (Nu) to form O$'=NNu; followed by the second
(Nuy) to give O8=N(Nuy)(Nu,). Given the expense of Os,
the synthetic utility of the method is limited, but in principle,
the double addition protocol may find use based on other
metal complexes with similar properties. The organic target
in this case was &C—N=PPHh, but the procedure is quite
general and may provide a general route to heteroatom
compounds of the form (NMN(Nu;) or (Nw)N(H)(Nuy).

Comparison and Characterizations. Examples of Pt
complexes containing the nitrilic N-bound ligand
N=C—N=PPh,22 [Pt(C—P)(PPh)(N=C—N=PPh)]CIO,
(C—P = 0-CH,CsH4P(0-CH3CsHa4)2), have been reported
from the reaction between [Pt{P)(PPh)(NCCH;)]CIO,

PPh present in pseudo-first-order excess. The spectrum ofand the preformed #C—N=PPh ligand32 Through lig-

trans[Os'—=N=C—N=PPh] is shown in Figure 1. The
rate law resulting from the kinetics study is given in eq 7
with kops = K[PPhy] andk = (6.5 4 0.1) x 102 s . Once
formed,trans-[Os' —N=C—N=PPh] undergoes solvolysis
with the reaction complete after refluxing undesfidr 24 h
(eq 8).

3660 Inorganic Chemistry, Vol. 44, No. 10, 2005

and substitution reaction pathways, the iminophosphorane
N=C—-N=PPHh ligand selectively coordinates through the
nitrilic N-bound rather than through iminic N-bound. There
was no evidence for the formation of iminic N-bound
N=C—N=PPHh. This poor coordinative ability may be due
to the delocalization of the electron density resulting in a
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Scheme 2
trans-[(tpy)(Cl1),0sV'=N]*

J, PPh,

trans-[(tpy)(C1),0s"Y -N=PPh;]*
‘; C=N-
C=N

e
trans-[(tpy)(C1),0s"-N <
PPI'I_;

—

trans-[(tpy)(C1);0s V=N

l(._ -

trans-[(tpy)(C1),OsV=N-C=N]

¢ PPI'{_“‘

trans-[(tpy)(C1),0s'-N=C-N=PPhj;]

l CH;CN

trans-[(tpy)(C1),0s''-N=CCH;] + N=C-N-PPh,

lower charge density at the iminic N-atom. For instance, both Discussion

carbonylic O-atom and pyridinic N-atom of fF#NC(O)-2-
py° coordinate to transition metals even though their
coordinative abilities are approximately the same as that o
the iminic N-atom. By using the same reaction conditions
with [Pd(CI(NCPh}] as the precursor, BR=C(H)CN
selectively coordinated to Pd through the ylidic C-atom,
while N=C—N=PPh primarily bonded to Pd via the nitrilic
N-atom?2

In the IR spectra ofrans[Os'—*“N—(C="N)=PPhj and
trans[Os' —15N—(C=N)=PPh], v(C=“N) appears for
both complexes at 2152 crh while v(*3;N=P) appears at
1087 cmt for the latter and/(**N=P) at 1103 cm! for the
former. A strong absorption at 2235 chattributed to the
N=C—N=PPH stretch is higher in energy with respect to
that at 2176 cm! in the free ligand, and both are higher
than the band at 2152 crhattributed to N(GEN)=PPh.
The nitrilic N-bound absorption at 2235 cfin trans-[Os'-
(tpy)(CI)(NCNPPR)] is comparable to the band at 2256
cmtin trans[Pd(Cl(NCNPPR)] and (to) 2215 and 2228
cmtin trans[Pd(C—P)(NCNPPBh),].

The 3P NMR resonance at 16.59 ppm for the iminic
N-bound ligand is shifted upfield by 9 ppm, while the
resonance at 26.49 ppm for the nitrilic N-bound ligand is
shifted downfield by 0.8 ppm. The resonance for the nitrilic
N-bound ligand intrans[Os'—1“N=C—N=PPhj] is com-
parable to those of the nitrilic N-bound ligand foans
[PA(C—P)(NCNPPB)] (27.76 and 29.18 ppm) antlans
[Pt(C—P)(NCNPPBR),] (28.06 and 29.52 ppm).

When the iminic N-bound iminophosphorano isomer is
heated to 45C for 5 h in CHCN, isomerization occurs to
give the nitrilic N-bound iminophosphorano complex (eq 9),
as shown by the changes in UWisible spectra in Figure
1. Isomerization is followed by solvolysis (eq 8) as for the
nitrilic N-bound iminophosphorano isomer.

C
7
trans-[(tpy)(Cl1),0s"-N
QD
PPh;,

trans-[(tpy)(C1),0s"-N=C-N=PPh;]

N
—_—
CH;CN

©

(10) Falvello, L. R.; Garcia, M. M.; Lazaro, |.; Navarro, R.; Urriolabeitia,
E. P.New J. Chem1999 23, 227-235.

Sequential Addition Reaction Pathways.The reactions
betweentrans[OsY—NCN] and PPk and betweerrans
[OsV—NPPR]* and CN" provide additional examples of
double derivatization of the nitrido group idrans
[Os"'=N]". These are stepwise reactions with Mansfer
followed by group transfer, [NCNJin eq 5 and [NPP§° in
eq 6. The final products contain the nitrilic N-bound
N=C—N=PPh and iminic N-bound <=C—N=PPh ligands.
Both products are coordinatively stable at room temperature
in CHsCN but undergo solvolysis (eq 8) or isomerization
(eq 9) followed by solvolysis. The ability to vary the order
of addition in this case results in the preparation of the first
iminic N-bound transition metal complex. A summary of the
reactions involved is shown in Scheme 2.

As noted in the Introduction, double addition to a nitrido
N-atom has also been observed in the sequence beginning
with reaction between 3,5-M€HsSH andtrans[Os”'=N]*
followed by [NSGH3Me;]° transfer to PPH These reaction
sequences are notable because they show that (i) Gs(VI)
nitrido complexes are capable of undergoing successive two-
electron, atom (N) transfer followed by group transfer
reactions; (ii) the reactivity can be applied in general way
to the synthesis of organic heteroatom compounds; and (iii)
the redox step for the second reaction with Os(IV) is
conceptually the same as Nransfer in eq 1 but with trans-
fer of a large organic fragment (e.g., [NS-3,5-@gH;]°
transfer in eq 2, [NCM transfer in eq 5, and [NPER
transfer in eq 6).

Factors Affecting Sequential Addition Reactions.The
order in which the sequential reactions are carried out can
be important. Unlike the reversible reaction sequences shown
in eq 4 followed by eq 5 and eq 10 followed by eq 6, the
reverse order of the sequence shown in eqs 1 and 2, which
is eq 10 followed by eq 11, does not occur.

f

Trans-[OsV(tpy)(C1),(N)]" + PPh; ——=

trans-[Os" (tpy)(C1),(NPPhy)] (10)
Trans-[0s" (tpy)(C1)(NPPhy)]" + Me,C H{SH ——

NR (11)

The origin of the effect is electronic and not steric. As
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Chart 2

illustrated in eq 12, oxidation dfrans[OsY—NPPh]" to
trans[Os'—NPPh]?* triggers the second reaction, which is
followed by solvolysis, and gives the expected organic
product.

- e
—_—

Trans-[0s" (tpy)(C1),(NPPhy)]*

trans-[0s " (tpy)(C1),(NPPh3)]2* (12)

Trans-[0s" (tpy)(C1);(NPPh;))** + Me,CgH;SH ——=
trans-[0s"(tpy (C1)o,(NCCH;)]" + PhyP=N-S-3,5-Me,C¢H; + H*
(13)
Molecular Electronic Structure Correlations. A sche-

matic energy ordering diagram fomer-[OsY—NCN]~ and
the structure of the compléxare shown in Chart 2. The

Huynh et al.
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[0SV (tpy)(Cl)(N(H)N(CHy)40)]* ° is 1.30 x 10° cm™?,
and it is 3.70 x 10° cm! for trans[OsV(tpy)(Cl).-
(N(H)N(H)(OMe))]".1* This is consistent with the dia-
magnetism of the complex and with ther€x orbital
ordering in Chart 2.

Adjacent-N, versus Remote-l\ “Attack”. In the reaction
betweentrans[OsY—N,CsN,] and PP, it is notable that
the site of PPhattack is at the remote nitrogen, Nather
than at the adjacent nitrogen,,NThe reactions between
trans[OsV—NPPh]" and CN in eq 6 and betweetrans
[0SV —NS(H)GHsMe,] ™ and PPhin eq 2 show that Nis
an accessible site for redox addition. In Chart 2} ds
empty and accessible for an initial electron pair interac-
tion. Furthermore, electron flow and a change in hybridiza-
tion at N, from sp to sp create a bonding pathway for,N

Ty c=N> T2 c=N

energy diagram is taken from a scheme used to describe théedox addition as shown in eq 14 for Cldddition totrans-

bonding in Os(IV)}-hydrazido complexegrans-[Os'(tpy)-
(CNo(NNRy)] .20 It features &—x mixing between d(Os)
orbitals and both 2py, and a filledz*(N,=C) orbital on
the NCN~ ligand.

Experimental evidence for this or a related orbital pattern
comes from the diamagnetism @fans[OsV—NCN] as
shown by'H NMR and by the appearance of low energy
absorption bands at 876 (1.6 10* cm™) and 744 nm
(1.34 x 10* cm™1). The latter can be assigned to the ¢
dr interconfigurational transitions[(dss)?(dx7)?]
(drma)X(dr)(dr3)] and (drms)X(d)?] — U[(ds)(cr})?-
(d3)Y], respectively. For the corresponding hydrazfdo
and Ny-methoxyhydrazid® complexes, these bands ap-

—

[OsV—NPPh]*.

(d*y)

+
Q N @I:;,PP113
N

Os —

(14)

pear at 975 and 859 nm and at 883 and 666 nm, respec-

tively. This shows that the same pattern afatbitals exists

in all three complexes. These are presumably singtet
singlet transitions with the corresponding singtettriplet
transitions present at lower energy and of diminished
intensity.

By contrast, addition of PRl trans[OsY—NCN] occurs
at the remote INsite as shown by th®N labeling study. In
this case, the LUMO for initial electron pair interaction is a
7=y Orbital. As shown below in equation 15, subsequent

Based on the band energies and assuming a constantll) Huynh, M. H. V.; El-Samanody, E.-S.; Demadis, K. D.; White, P. S.;

pairing energy, the energy differencAH) between d
and drj is 1.90 x 10° cm™L. The dr* splitting for trans
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Meyer, T. J.Inorg. Chem.200Q 39, 3075-3085.
(12) Huynh, M. H. V.; Meyer, T. J.; Hiskey, M. A.; Jameson, D.J.Am.
Chem. Soc2004 126, 3608-3615.



Double Derwatization of the Nitrido Ligand

electron transfer to Os(IV) and a change in hybridization at
N, from sp to sp results in the final product (eq 15).

’ L 1]
OSW=N\ $PPh; ——
PN D
GT
(T*eN)
Os'-N=C-N{ ] (15)
PPh,

There is precedence for “remote” attach af N the
reactions betweertrans[OsY (tpy)(CI)2(NCN)] or mer
[OsY(bpy)(Cls(NCN)] and olefins as shown byN labeling
and infrared measurements (eq 1%6).

Y CHON
rrans-[(tpy)(CI)ZOS""=N“—L‘ENY] + oy
\/ ~ 3 days
trans-[(tpy)(C1);0s'-No=C-N, | 1 (16a)
_~_ CHsCN
mer-[(bpy)(C10sV=N-C=N,] + || _—
' ~~~  minutes
mer-[(bpy)(C])3Os'"—Nuz(.‘—l\'yfj “]] (16b)
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